Disseminated infection with organisms of the Mycobacterium avium complex (MAC) is a common complication of AIDS in the United States and other developing countries, but it is rare or absent in sub-Saharan Africa. To assess the comparative likelihood of exposure to MAC in these geographic areas, we used a standard protocol to culture 91 water samples from environmental sites and piped water supply systems in the United States, Finland, Zaire, and Kenya. MAC was isolated from all geographic areas and from 22 of 91 (24%) samples. Isolation rates were 13 of 47 (28%) 
Hemisphere.
Organisms of the Mycobacterium avium complex (MAC) are environmental mycobacteria which cause disseminated infection in as many as 20 to 40% of patients with late-stage AIDS in the United States and other developed countries (11, 14, 18, 19) . MAC can be isolated from numerous sources in the environment, including water, aerosols, soil, mud, and plants (7) . Although the specific environmental source of most MAC infections in patients with AIDS is not known, water or water aerosols are a leading possibility (11) . Exposure to water is common enough to explain a disease which affects as many as 40% of people with AIDS. In addition, nosocomial common source outbreaks of other nontuberculous mycobacteria have been traced to contaminated water (1) (2) (3) 16) .
Although studies from various parts of the world have shown the widespread distribution of environmental MAC isolates, disseminated MAC infection has not been found in clinical and autopsy studies of patients with AIDS in Africa (17, 24) . This observation could be explained by variations in the environmental distribution of MAC, differences in behaviors which result in exposure to MAC, or differences in host resistance to MAC. We examined these issues in an international epidemiologic study of Growth, as judged by the appearance of colonies, was followed daily for up to 60 days. Rapidly growing mycobacteria (i.e., growth within 7 days) were discarded. Slowly growing mycobacteria (i.e., growth after more than 7 days) were kept for identification. Pigmentation was noted, and isolates were grown in 10 ml of Middlebrook 7H9 broth for serotyping and identification by DNA probe analysis and were streaked onto Middlebrook 7H10 agar medium plates to ensure pure cultures. Putative MAC isolates were identified by using DNA probes, and organisms which hybridized with the MAC probes were then tested with probes to distinguish M. avium from Mycobacterium intracellulare and "X"' mycobacterium (SNAP DNA Probe; Digene Diagnostics Inc., Silver Spring, Md., or Gen-Probe, San Diego, Calif. (7, 10, 17, 20) , but this is the first study to compare by similar methods rates of isolation of MAC from diverse geographic sites in both developed and developing countries. Overall MAC isolation rates were higher in developed countries than in developing countries, principally because of higher isolation rates from piped water supply systems. The use of water for drinking and bathing (piped water supply systems in the present study) is more likely than the use of water present in rivers, lakes, and other environmental sources to result in exposure of adults to MAC. Thus, the higher rates of isolation of MAC from water supply systems in the United States and Finland compared with those from water supply systems in Kenya and Zaire are especially significant; many patients with late-stage AIDS in developed countries have been hospitalized and exposed to hospital water. Other studies have documented the presence of MAC in chlorinated hospital water, especially hot water, with high concentrations of organisms in shower heads (6). We did not test sufficient numbers of samples to determine whether MAC is more common in hospital than in residential water supplies. However, some hospitals use galvanized pipes made with zinc alloys, and natural waters with zinc concentrations of >0.75 mg/liter are more likely to contain MAC (12) . Furthermore, continuous recirculation of hot water in hospitals may allow mycobacteria to persist and multiply (6, 15) .
Some human MAC infections may be caused by recreational exposure to natural water sources or inhalation of aerosols in the vicinity of natural bodies of water. In addition, surface water may serve as the source of water for municipal water supplies. In the present study, MAC was found in numerous natural water sources and was more likely to be isolated from streams and rivers than from standing bodies of water. There are several possible explanations for this observation. Rivers and streams collect runoff from a wider variety of sources and may contain more organic material or elements (e.g., zinc) conducive to the growth of MAC. Results of studies in Finland in which nontuberculous mycobacteria were recovered from 100% of brook water samples indicate that low pH and high organic content favor the isolation of mycobacteria (13) .
The lower recovery rates of MAC from one set of samples from Zaire (processed at 3 weeks) and two sets of samples from Kenya (processed at 2 and 5 weeks, respectively) were not explained by delays in processing. MAC isolates are extremely hardy organisms, and the number of CFU per milliliter in natural water sources has been demonstrated to remain stable at 9.4 to 15.5°C and to increase by 21 log unit at 217.8°C when samples are held for 30 days before processing (9) .
Serovars of M. avium associated with infection in patients with AIDS were identified in M. avium isolates from water. In parallel clinical studies in the United States, the most common serovars infecting patients with AIDS have been serovars 4 and 8 (11 of 23 [48%] patients) (21) . These two serovars accounted for six of eight (75%) of the environmental M. avium isolates typed in the present study. We are unable to find previous reports of the isolation of "X" mycobacteria from Africa. In a previous report from the United States, "X" mycobacteria represented only 3% of clinical MAC isolates and were found only in respiratory specimens from recent immigrants to the United States (4 (22) . The finding of MAC isolates in environmental water samples from all five sites examined in the present study fits with skin test data showing similar rates of prior infection among healthy subjects at four of the sites. Disseminated MAC infection in patients with AIDS is probably acquired late in human immunodeficiency virus disease as a new infection. Patients in Kenya may be protected from this infection by a combination of broad mycobacterial immunity, reduced levels of exposure to environmental water as they become ill, and the low likelihood of exposure to MAC-infected drinking water. Patients in developed countries, on the other hand, lack broad mycobacterial immunity, survive to a point when their CD4 cell counts may be low, and have continued exposure to MAC-infected piped water both at home and during hospital admissions.
